In crosses between his-3(K874) and ad-3A(K118), the presence of rec-2+ reduces the frequency of formation of both prototrophic recombinants (his-3+ ad-3A +) and double mutant recombinants (his-3 ad-3A) to a similar degree. This is consistent with the hypothesis that the product of the rec-2+ gene acts to block the initiation of recombination events and indicates that rec-2+ does not determine the frequency of formation of prototrophic recombinants by influencing the type of recombination product which predominates.
Introduction
Dominant genes at three loci have been shown to reduce the recovery of prototrophic recombinants in crosses between Neurospora mutants. The gene rec-l+* reduces the yield of prototrophic recombinants in crosses between his-l alleles (Jessop and D. G. Catcheside 1965) and between nit-2 alleles (D. E. A. Catcheside 1974) . The gene rec-2+ reduces prototroph formation in crosses between his-3 alleles (Angel et al. 1970 ) and between the gene pairs pyr-3 his-5, his-3 ad-3A and arg-3 sn (D. G. Catcheside and Corcoran 1973) . The gene rec-3+ reduces the frequency of prototrophic products in crosses between alleles of the am-l locus (D. G. Catcheside 1966) , alleles of the his-2 locus (D. G. Catcheside and Austin 1969) and between his-2 and sn (D. G. Catcheside and Corcoran 1973) .
None of the rec genes has a general effect on recombination. The data available so far indicate that each rec+ gene influences recombination in scattered chromosomal segments totalling perhaps one-tenth of the genome. This, together with the fact that each rec+ gene is dominant in reducing the yield of prototrophic recombinants, has led to the hypothesis that the product of a rec+ gene acts to block recombination separately in each of the affected chromosome segments (D. G. Catcheside 1966 Catcheside , 1968 D. G. Catcheside and Austin 1969; D. E. A. Catcheside 1970) . This hypothesis predicts that the rec+ gene product not only interferes with the formation of prototropic recombinants but also blocks the formation of the reciprocal double mutant recombinants to a similar extent.
* The following abbreviations are used in this paper: ad-3A, adenine-3A; al-2, albino-2; am-I, amination-I; arg-3, arginine-3; cog, recognition; con, control; cot-I, colonial temperature sensitive-I; his-3 -5, histidine-3 -5; leu-2,leucine-2; nit-2, nitrate-2; pyr-3, pyrmidine-3; rec-I -2 -3, recombination-I -2 -3; sn, snowflake; sp, spray. In this paper, evidence is presented that ree-2+ reduces the frequency of formation of both prototrophic recombinants and double mutant tecombinants in crosses between his-3 and ad-3A. Earlier results bearing upon this question (Smith 1966) were obtained at a time when the localized nature of the chromosomal regions influenced by ree genes was not realized, and using material in which the influence of genes other than ree-2+ is not ruled out.
Materials and Methods

Cultures
The genotype and origin of each culture used are described in Table 1 . The presence of rec-2 and cog+ in 8117 was confirmed by the frequency of his+ recombinants obtained in a cross to 4393: 182±7 per 10 5 viable progeny (cf. Angel et al. 1970 
A Sources of stocks were as follows: 1, origin described by D. E. A. Catcheside (1970) ; 2, 3, 4 and 5, D. G. Catcheside stock numbers 7445, 10805, 10807 and 13050 respectively; 6, from a cross between 1882 and 6275; 7, from a cross between 4400 and 7629. B In each case the al-2 allele is 15300, the am-l allele is 47305, the cot-l allele is C102(t), the nit-2 allele is MN72, and the sp allele is B132.
Crosses were made between 8117 and 4399 and between 8117 and 4400. Each cross is his-3(K874) ad-3A + x his-3+ ad-3A(KI18) and also contains cog+ which is dominant in enabling high frequency recombination in the absence of rec-2+ (Angel et al. 1970) . The cross 8117 x 4400 is homozygous rec-2 and the cross 8117 x 4399 is heterozygous rec-2 rec-2+.
Media and Analysis of Crosses
Crosses were made on modified Westergaard's medium (D. E. A. Catcheside 1970) supplemented with 0·06 M sucrose, 1 mM adenine, 5 mM L-alanine and 1·3 mM L-histidine and incubated at 25°C for a minimum of 28 days and a maximum of 56 days prior to analysis.
Convenient sized batches of ascospores were spread onto agar blocks and picked individually onto slopes of Vogel's medium (Vogel 1964) containing 0·06 M sucrose, 1·5 mM adenosine, 5 mM L-alanine and 1·3 mM L-histidine and heat-shocked at 60°C for 60 min. The slopes were incubated at 25°C until conidia were produced. Each of the viable progeny was tested for his-3+ and ad-3A + by inoculating conidia onto slopes of Vogel's medium supplemented with alanine plus histidine and alanine plus adenosine. Growth was scored following incubation for 72 h at 25°C.
By growing the ascospores initially on medium supplemented with both adenosine and histidine, there was no selection for particular genotypes. The numbers of progeny with each of the four possible combinations of prototrophy and auxotrophy for adenosine and histidine should therefore be directly related to their frequency of origin. There is one possible complication, however, because a heterokaryon of the two single auxotrophs would be wrongly scored as a prototrophic recombinant.
Detection of Heterokaryons
Most progeny which scored as his-3+ ad-3A+ were analysed further. Conidia were streaked onto plates containing Vogel's medium supplemented with 0·11 M sorbose, 2·8 roM glucose, 2·8 mM fructose, 1· 5 roM adenosine, 5 roM L-alanine and 1·3 mM L-histidine and incubated at 25°C. Fragments of mycelium from 10 well isolated colonies were picked on to slopes of fully supplemented medium and incubated at 25°C until conidia were produced. These vegetative re-isolates were tested for his-3+ and ad-3A + as described above. The germination of conidia from heterokaryons yields a substantial proportion of auxotrophic monokaryons. Progeny were confirmed as prototrophic recombinants if all 10 vegetative re-isolates were his-3+ ad-3A + •
Results
The data from crosses homozygous ree-2 and heterozygous ree-2 ree-2+ (Table 2) indicate that ree-2+ reduces the frequency of both his-3 ad-3A double mutant recombinants and his-3+ ad-3A + prototrophic recombinants to a similar extent. In these crosses, recombination between his-3 and ad-3 is reduced about fourfold by ree-2+.
A predominance of prototrophs amongst the recombinants in one of the first batches of ascospores raised the possibility that heterokaryons with a his-3+ ad-3A + phenotype, resulting from the breakdown of aneuploids or from technical errors, might bias the results. In all subsequent batches, the his-3+ ad-3A + progeny were screened for heterokaryons. Only two were found, indicating that the result is not distorted seriously by including data from batches not tested for heterokaryons. X 2 analysis indicated that it is appropriate to pool the data from different batches. In the development of hypotheses to explain the mechanism by which ree+ reduces the yield of prototrophic recombinants, it has been assumed that the effect reflects a reduction in the total number of recombination events in a given chromosome segment (Angel et al. 1970; D. E. A. Catcheside 1970 D. E. A. Catcheside , 1974 D. G. Catcheside 1977) . Alternatively, reduction in the yield of prototrophic recombinants could conceivably reflect a change in the type of recombinant which predominates in the progeny. The evidence presented here makes this latter possibility unlikely; the presence of ree-2+ is associated with a reduction of similar magnitude in the yield of the prototrophic recombinants and. the reciprocal double mutant recombinants in the his-3 ad-3A segment of linkage group I. This confirms a previous finding that ree-2+ reduces the formation of both prototrophic and double mutant recombinants in the pyr-3Ieu-2 segment of linkage group IV (Smith 1966) .
However, in this earlier work, the test was confounded to an unknown extent by the inclusion within the pyr-3Ieu-2 region of the substantial segment his-5 leu-2 which was subsequently shown not to be influenced by ree-2+ (D. G. Catcheside and Corcoran 1973) . In view of the probability that the ree-2+ and ree-2 stocks are not isogenic, consequent on N. crassa being a heterothallic species, and the finding that the wild types from which the commonly used laboratory stocks are derived are polymorphic with respect to ree genes (D. G. Catcheside 1975), it is possible that genes other than ree-r may have influenced Smith's (1966) result. The data reported here are less sensitive to this criticism as it is known that ree-2+ influences both the his-3 cog and cog ad-3 subsegments of the his-3 ad-3 region and moreover no case has yet been found where recombination in a specific region is sensitive to more than one ree gene.
Although the evidence discussed here suggests that rec-2+ does not influence the yield of prototrophic recombinants by altering their proportion amongst the recombinant products, the mechanism of ree-2+ gene action remains unresolved. The most plausible hypothesis suggests that the ree + gene product, in binding to a site con + , blocks recombination events initiated at an adjacent site, eog+ (Angel et al. 1970; D. E. A. Catches ide 1970 D. E. A. Catches ide , 1974 D. G. Catcheside 1977) . In this hypothesis, similar con+ sites occur wherever in the genome a particular ree+ gene influences recombination. This hypothesis accommodates the dominance of ree+ in determining a low frequency of recombination and predicts that only one set of enzymes is necessary for catalysis of recombination throughout the genome.
A class of alternative hypotheses which cannot yet be ruled out is that there is a multiplicity of enzyme sets each capable of initiating recombination only at specific sorts of cog+ site. The ree+ product might block transcription of the structural information for components of a specific enzyme set or alternatively the ree+ product could be a defective component of a specific enzyme set. Each of these hypotheses poses difficulties. The first requires a greater variety of components than the hypothesis based upon a single set of recombination enzymes and the second accommodates the dominance of ree+ in reducing recombination only by assuming negative complementation by the dominant alleles at each of the ree-J, ree-2 and ree-3 loci.
